Assessment of Thermo Modernization Using the Global Cost Method  by Basinska, Malgorzata et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
doi: 10.1016/j.egypro.2015.11.204 
 Energy Procedia  78 ( 2015 )  2040 – 2045 
ScienceDirect
6th International Building Physics Conference, IBPC 2015 
Assessment of thermo modernization using the global cost method 
Malgorzata Basinskaa*, Halina Koczyka, Andrzej Kosmowskib
a
 Poznan University of Technology, Faculty of Civil and Environmental Engineering, Sklodowskiej-Curie 5 sq, Poznan 60-695, Poland 
b Graduate of the Institute of Environmental Engineering, PoznaĔ University of Technology
Abstract 
The article uses the global costs method to choose the best thermo modernization solutions for the buildings. Global costs 
were calculated according to the cost-optimal draft regulation as summing up the initial investment costs and the discounted 
annual operating costs.  
Requirements of thermo modernization work assumed to comply with the new requirements of the building's thermal 
protection entered in Poland on January 1, 2014.  
The case study was carried out for multi-family building located in Poznan. 
Global cost method was compared with the more common indicators of economic evaluation Simple Pay Back Time (SPBT), 
and Net Present Value (NPV). 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
The analysis of energy usage in the certain areas shows  that the building industry consumes more than 40% of
the globally produced energy. In case of the residential buildings, over the years, the dynamic changes in the 
architecture as well as the usage of the new building techniques were observed. By mid of 20th century the changes 
in the building industry were inducted mainly by the social and economic factors [1, 2]. But nowadays, as an 
environmental awareness grows and in the same time an energy demand increases in the building industry the 
appropriate building regulations regarding the building thermal protection were implemented. The directive 
2002/91/CE dated 2002 had initialized the activities, than its transformed version entered into force: 2010/31/UE, so 
called Recast EPBD [3].    
Poland, as the member state of  European Union, had implemented the new thermal regulations for the buildings 
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on January, 1st  2014, under the comparative methodology. Consequently, a thermal insulation of the building 
envelope has been improved when the ventilation demands in the building through air flow control have dropped. 
The Polish regulations draw an attention also to a technical equipment of the building [4].     
In accordance with the recommendations of United Nations Industrial Development Organisation (UNIDO) for an 
evaluation of the proposed thermo-insulation improvements the static and dynamic investment profitability indexes 
might be used. An European directive has required from the European Commission the preparation of the frames, 
which are supposed to be used when setting the energy usage requirements for the buildings and its components, 
influencing the whole building energy performance, at the optimal level in respect to the costs. The implementation 
of the global cost method, contained in the standard PN-EN 15459 “Energy performance of the buildings – 
economic evaluation of the energy installation in the buildings” is proposed to be used in the optimization 
calculations made for the building including the technical systems [5]. 
This paper presents the comparative analysis of the investment profitability indexes use for the evaluation of the 
thermo-modernisation improvements. The analyses were made for the modernized multi-family building, located in 
PoznaĔ. Modernisation goal was to fulfil the requirements will be binding from January 1st, 2021. The global cost 
analysis was particularly useful during the comparison of the energy savings related to the given thermo-
modernisation improvement, taking under consideration the energy usage, as well as the investment costs and 
economic assumptions. The presented analysis has helped to compare the methods and to determine the most 
universal of them. 
2. Investment profitability indexes
In accordance with UNIDO recommendations the investment profitability, the economic effectiveness indexes 
can be divided into the following groups: the static ones (if it is assumed that the value of money is the same in the 
time), the dynamic ones (if the basis for the calculation is the discounted values). This paper presents the 
comparative analysis of three chosen indexes of the building’s economic effectiveness evaluation. 
Simple Pay Back Time index defines the time when the investment expenditures are to be covered by the 
incomes from the investment. It is calculated from the very moment of the investment’s start until the gross sum 
benefits received as a result of investment realization will offset the expenditures. But an inflation is not taken under 
consideration.  
Net Present Value represents the value of the thermo-modernisation improvement at the given discount rate. It is 
a sum of the cash flows (CFt) discounted according to the discount rate. The value of the discount rate depends on 
rate of the inflation and the estimated cost of capital acquiring to finance the given investment, i.e. the interests of 
the investment loan, WIBOR. 
Global costs of the buildings and their components, including installations, are calculated as summing up the 
initial investment costs and the discounted annual operating costs during the calculation period minus the residual 
value of each of the components taken into account. Energy costs represent the costs of energy consumption and 
fixed fees for its willingness to provide energy. 
3. Method
For the energy rating evaluation very important are the following factors: the climate, the local building 
technology and the legal requirements. The EU member states have the right to take into account the above 
mentioned differences in the process of defining the methodology of the energy requirements. In recent years, the 
number of the legal requirements, guidelines and the standards adjusting the Polish regulations to the requirements 
of the European directive were introduced in Poland. Below, there are presented the basic assumptions necessary for 
an indication of energy efficiency indexes significant for the requirements working in Poland. 
This method is based on the monthly balance sheets, including the heat losses due to the penetration and 
ventilation and the solar and internal heat gains [6]. The climate related data used in this paper are consistent with 
the data available at the Polish Ministry of Infrastructure and Development website. In accordance with the 
applicable rules the usable energy index, which is a function of the parameters given in equation (1), is recorded to 
the heated area, where the temperature is regulated Af . 
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( )climate,,,,,, int fsolvetr AQQHHfEU η= (1) 
where: 
EU – the building energy need for all purposes, kWh/month 
Htr – transmission heat transfer coefficient, W/K 
Hve – ventilation heat transfer coefficient, W/K 
Qint – internal heat gains, kWh/month 
Qsol – solar heat gains, kWh/month 
η – gains utilization factor, - 
Af – heated net floor area, m2 
The final energy takes into account the losses related to the building technical installation from the emission, 
distribution, storage and generation and covers all energy carriers. 
( )auxelgsde EEUfEF .,,,,, ηηηη= (2) 
where: 
EF – total system energy, kWh/a 
η – efficiency, e-emission, d-distribution, s-storage, g-generation, - 
Eel,aux – annual demand for the final electrical energy for driving the auxiliary devices of the given system, kWh/a 
Electric and thermal energy as well as natural gas are supplied to the buildings in a continuous way from the 
transmission network, and the price for their consumption is calculated according to a two-part tariff. The payment 
for a fixed part depends on the so-called ordered power (in case of gas it is the declared volume of fuel consumption 
during the year), for a variable part on the amount of supplied energy or gas.  
The investment costs define the price calculation according to the agreed methods. As in Poland, the estimate 
price of the given civil work – CK -  is a sum of the labour estimated value, building material estimated value, 
building equipment work estimated value, cost of the building material purchase, indirect costs and value added tax. 
4. Case study – multi-family building
The comparative analysis was carried out for the multi-family building with four stories, inhabited by 32 persons,
which consists of  heated net floor area of 833m2, The building is located in PoznaĔ city. It represents a typical
medium size multi-storey building in an urban context equipped with natural ventilation system, as such system of 
ventilation is commonly used in the buildings in Poland. The media are provided  to the building, from the 
municipal heat network through the heat center. The main characteristics of the reference building were presented in 
table 1. The share of thermal bridges were adopted under with the polish standard [7]. 
Table 1. Characteristics of the reference building initial variant – V0. 
Comments Dimensions U-value 
Dimensions of ground floor line 16.6·14.8  m 
Number of floors 4  floors 
The building shape coefficient S/V 0.37 1/m 
Surface of wall  
Surface of flat roof 
503  m² 
230  m² 
0.28  W/m2/K 
0.20  W/m2/K 
Surface of windows 137.8 m² 1.50 W/m2/K 
Average thermal gains, sum of all sources 2.0  W/m2 
Natural ventilation 0.68.10-3 m3/s/m2 
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4.1. Description of the variants 
The comparative analysis was carried out with an assumption that the building heat insulation is to be improved 
according to the scenario proposed  by the Polish regulation, however up to the level of the requirement binding in 
Poland from January 1st 2021 [4]. The improvement of the thermal characteristic of the low energy building does not
depend exclusively on the improvement of the thermal insulation of building envelope but it needs also a provision 
of the comfort and air quality through an application of the appropriate ventilation solutions. In the highly energy 
effective buildings, in the analysed variants, the application of the intake-exhaust mechanical ventilation is provided 
with heat recovery. The description of the analysed variants in respect of the requirements presently valid in Polish 
regulations is presented in table 2, below.     
 Table 2. Characteristics of the variants. 
Comments U-value, W/m2/K 
Variant – V1 Variant – V2 Variant – V3 WT’21 
Wall 0.18 0.18 0.18 0.20 
Flat roof 0.13 0.13 0.13 0.15 
Windows 0.80 0.80 0.80 0.90 
Heat recovery , % 
Ventilation  natural I-Ex, 81 I-Ex, 94 no 
requirements 
I-Ex – intake-exhaust mechanical ventilation 
The improvement of the thermal insulation and ventilation allows for decreasing the final energy for a purpose of 
the heating, ventilation and domestic hot water preparation from the level of 145.7kWh/m2/a for an initial variant to
the level of 88.1kWh/m2/a for the variant V1, and consequently 59.6kWh/m2/a for V2, 55.6kWh/m2/a for V3. The
analysis does not take into account the thermo-modernisation improvements for the domestic hot water preparation 
(the final energy value for a purpose of DHW preparation was assumed at the level of 41.3kWh/m2/a).
4.2. Investment costs analysis
The estimation was prepared by means of the detailed method based on the material expenses. The prices in this 
estimation included 8% VAT. The additional costs of the dismantling the windows and execution of the additional 
planking were taking into account in the analysis of the building improvement costs. The costs of ventilation 
installation were taken into account as the “ventilation needs”. The drawing (Fig. 1) presents a summary of the 
investment costs regarding the building improvements as well as these connected to the ventilation in case of the 
analysed variant.  
Fig. 1. Investment costs divided into the individual improvements. 1 Euro = 4.20 PLN. 
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4.3. Thermo-modernisation improvements  effectiveness evaluation - results 
The following general assumptions were adopted in the thermo-modernisation effectiveness evaluation, referring 
the values to the variant V0 (initial variant):   
• Investment initial costs (year 0) were defined according to the data from 2013 as the average costs incurred in
order to achieve the level of the given thermo-modernisation improvement, including VAT
• The exploitation costs were defined as the sum of the maintenance and operational costs and the energy related
costs according to the current tariffs including the fixed charges as well as the variable fees as stated on January 1st
2014
• The life time and the possible cost of disposal of various building components and technical systems was adopted
according to Annex A to the standard PN-EN 15459:2007 [5]
• The period for which calculations were carried out was assumed at the level of 30 years [5]
• Assumed payback period of the building was set equal to 50 years
• Analysis includes the fixed macro-economic parameters: an inflation – 0,9%, increase of energy prices – 2,6%,
market interest rate (cost of money – WIBOR) – 2,8%
The following was taken into consideration when choosing the given criterion of  investment profitability 
evaluation: SPBT coefficient – the lowest non-negative value expressed in the years, NPV coefficient – the biggest 
value expressed in PLN, Global cost – the lowest value expressed in PLN. 
The drawings (Fig. 2) and (Fig. 3) present the comparative analysis of the presented variants depends on the 
evaluation criterion. 
Fig. 2. Investment profitability evaluation criteria for the analysed variants: (a) SPBT; (b) NPV. 
As shown on the graphs, by the way of the independent analysis of the both coefficients it results that according 
to SPBT method the best solution is variant V3, but according to NPV method – variant V1. In both cases the 
investment is to be profitable after 27.9 years what proofs that the proposed solutions are unprofitable. However, 
none of the proposed methods of modernisation improvements effectiveness evaluation does not take into account 
the necessary modernisations related to the process of building elements and technical equipment aging. If these 
elements will be taken under consideration the simple payback time increases. Moreover, the first method does not 
include the change of time value of money. 
According to global cost method the most profitable variant of the thermo-modernisation improvement, i.e. the 
criterion of the lowest global cost value, is variant V1 (Fig. 3). The method confirms the fact that in case of the 
building with the relatively good thermal characteristic the introduction of the building improvements and the 
additional costs related to mechanical ventilation is unprofitable. It results from the conducted analysis that for a 
building fulfilling the Polish thermal  regulations valid before January 1st, 2014 the global cost is formed at the
lower level than the global cost of the variants where the thermo-modernization improvements were implemented. 
The incurred additional investment costs, which vary from 339 PLN /m2  of the heated area with regulated
temperature for variant V1 to 509 PLN/m2 for variant V3 lead to an increase of the global cost respectively by
132 PLN/m2 for variant V1 and about  250 PLN/m2 for the variants V2 and V3.
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Fig. 3. Global and investment costs for the analysed variants. 1 Euro = 4.20 PLN. 
However, taking under consideration the environmental factors it is highly recommended to minimize the final 
energy, what can be described by CO2 emission. If the assumed CO2 emission costs for thermal network – at the 
level of 0.268kg CO2/kWh and for electric network – at the level 1.6g CO2/kWh, that cost is 45.7PLN/m2/a for
variant V1, 52.0 PLN/m2/a for V2, 36.4PLN/m2/a for V3. In case of variant V2 the crucial seems to be the
participation of the auxiliary energy of the fans.  
5. Conclusions
This paper uses the decisions of the transformed EPBD directive for a purpose of an evaluation regarding the 
thermo-modernisation improvements. It presents the evaluation of the current changes to the Polish  energy policy 
by means of the global cost method. The paper allows to evaluate the financial expenses and  corresponding with 
them the values of the global cost necessary for fulfilling the requirements regarding thermal protection of the 
buildings, which are to be in force from January 1st 2021 in Poland. One of the conclusions is that the further
improvements seem to be unprofitable if the building envelope is characterised by the certain properties The global 
cost method was compared with the most often used tools of the given improvement effectiveness evaluation i.e. 
SPBT and NPV. The global cost method was indicated as a better one in relation to SPBT or NPV in order to 
evaluate the thermo-modernisation improvements, as it allows to carry out the building evaluation process for 30 
years. However, it must be noted that the calculation of the global cost assumed that the macro-economic parameters 
are not subject to any change during the analysed period. Anyway,  the data, mentioned above, can be changed over 
the time, sometimes unpredictably. The changes can be affected by the  monetary policy of Poland and the World, 
the economic situation in the world, the sudden growth of the energy carriers prices inducted by the enormous 
investments which will be started in order to fulfil the rigorous environmental standards regarding the emission of 
the exhaust gases (both, its quality and concentration)  to the atmosphere. The change of the economic parameters, 
especially in case of  the Polish unstable market economy may cause that the investments which were assumed to be 
unprofitable become profitable due to the change of the economic conditions. 
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